Introduction: Percutaneous dilatational tracheostomy (PDT) is one of the most frequent procedures performed in the intensive care unit (ICU). PDT may add potential benefit to clinical management of critically ill patients. Despite this, no clinical guidelines are available. We sought to characterize current practice in this international survey. Methods: An international survey, endorsed and peer reviewed by European Society of Intensive Care Medicine (ESICM), was carried out from May to October 2013. The questionnaire was accessible from the ESICM website in the 'survey of the month' section. Results: 429 physicians from 59 countries responded to this survey. Single step dilatational tracheostomy was the most used PDT in ICU. Almost 75 % of PDT's were performed by intensive care physicians. The main indication for PDT was prolonged mechanical ventilation. Tracheostomies were most frequently performed between 7-15 days after ICU admission. Volume control mechanical ventilation, and a combination of sedation, analgesia, neuromuscular blocking agents and fiberoptic bronchoscopy were used. Surgical tracheostomy was mainly performed in ICU by ENT specialists, and was generally chosen when for patients at increased risk for difficult PDT insertion. Bleeding controlled by compression and stoma infection/inflammation were the most common intraprocedural and late complications, respectively. Informed consent for PDT was obtained in only 60 % of cases.
Introduction
Percutaneous dilatational tracheostomy (PDT) is one of the most frequent procedures performed in the intensive care unit (ICU) [1] . PDT may add potential benefit to clinical management of critically ill patients by increasing patients' comfort, reducing the need for sedation, facilitating the weaning process and hastening ICU discharge [2] . Despite this, no clinical guidelines have been developed to delineate the best practice for this invasive and potentially risky procedure [3] . Recently the use of a customized checklist, adapted from the World Health Organization surgical safety checklist, has been suggested to improve the safety of PDT [4] . However, the utility of this checklist has not been demonstrated. To date, no study has investigated the tracheostomy practice at a multinational level. This is the first international survey aiming to evaluate the daily practice of PDT according to different settings, operators, types, timing, indications, procedural features, sedation and ventilation protocols, and intra-procedural, early and late complications. This survey may show a proof of concept that an international daily shared clinical practice on PDT techniques is possible.
Materials and methods
The European Critical Care Research Network (ECCRN) of the European Society of Intensive Care Medicine (ESICM) endorsed this survey. Ethical approval for this study was not requested because this was a voluntary survey and no individual patient data were collected.
The questionnaire (Additional file 1) included 31 questions organized in two main sections, analyzing: 1) the profile of respondents and 2) the settings, operators, type, timing, indication, procedural features, sedation and ventilation protocol, and intra-procedural, early and late complications of PDT. The questionnaire was validated by a local panel of experts in intensive care and then underwent the peer review process by the ESICM Research Committee. After the acceptance by the ESICM Research Committee, the survey was carried out from May to October 2013, and was accessible from the ESICM website in the 'survey of the month' section. All ESICM members were alerted by email and invited to complete the survey via the ESICM research updates. All the data collected from the questionnaires were analyzed anonymously. Submitted questionnaires were excluded from analysis if the respondents completed section II only. Failure to answer to one or more questions in section II was not a reason for exclusion.
The data were evaluated as total distribution of answers and then divided according to the geographical area of respondents within Europe (E) and outside Europe (OE) by using descriptive statistics. Data have been reported as counts and percentages. The effects of geographical location on PDT practices were analyzed using the chisquared (X 2 ) test for categorical variables or univariate analysis of variance (ANOVA) for continuous variables. Data have been weighted for the total number of participating intensive care units in and outside Europe, to perform tests of statistical significance. The p value was set at 0.05. Statistical analysis was performed using SPSS, version 20.0. Table 1 shows the baseline characteristics of study respondents. The main specialty area was intensive care in 71.9 % of respondents (n = 202) followed by anesthesiology (22.4 %, n = 61). Public hospitals (45.6 %, n = 128) and university hospitals (42.7 %, n = 120) were the institutions most involved in the responses from E but not from OE (E vs OE: X 2 = 52.573, p = 0.000). The type of ICU involved in responses was mixed ICUs (73.3 %, n = 206) followed by surgical ICUs (11 %, n = 31) from E but not OE, where medical ICUs (17.8 %, n = 13) followed mixed ICUs (71.2 %, n = 52) (E vs OE: X 2 = 23.108, p = 0.000). The majority of respondents worked in an ICU with 6-10 beds (35.9 %, n = 101) in E but not OE, where the majority of responses came from ICU with more than 21 beds (28.8 %, n = 21) (E vs OE: X 2 =14.942, p = 0.011). The most frequent number of patients admitted to study ICUs annually was between 301 and 600 (34.9 %, n = 98) in E and OE (E 34.1 %, OE 37 %, E vs OE: X 2 = 2.517, p = 0.472). Physicians in E performed two tracheostomy techniques more frequently, while in OE they performed one technique more frequently (E 52.4 %, n = 109; OE 49.3 %, n = 36; X 2 = 19.708, p = 0.001).
Results

Study respondents
Tracheostomy
The total number of tracheostomies performed by the respondents was 17,894, with 74 % (n = 13,220) in E and 26 % (n = 4,764) in OE. Figure 1 shows the distribution of different tracheostomies. The most frequently performed tracheostomy procedure was the single-step dilation tracheostomy (SSDT) (41.6 %, n = 7,442) followed by surgical tracheostomy (ST) (24.1 %, n = 4,345). The most frequently performed tracheostomy procedure in E was the SSDT (46.6 %, n = 6,160) while OE it was the ST (36.4 %, n = 1,733).
Informed consent
Informed patient/substitute decision-maker consent for tracheostomy was obtained in 61.2 % (n = 172) of participating ICUs. The informed consent was obtained more frequently OE than in E (informed consent obtained: OE 87.7 %, n = 64; E 51.9 %, n = 108; informed consent not obtained: OE 12.3 %, n = 9; E 48.1 %, n = 100; X 2 = 49.332, p = 0.000). Table 2 describes the variations in approach to the performance of PDT in ICUs across the world. PDT in the ICU was more often performed by (one or more) intensivists (74 %, n = 208). The most frequent indication for PDT was prolonged mechanical ventilation (53.7, 151) followed by difficult or prolonged weaning 24.2 %, n = 68). The most frequent timing of PDT was between 7 and 15 days (54.4 %, n = 153). The majority of respondents used volume control ventilation during PDT (42.3 %, n = 119) insertion. Almost 80 % of respondents administered a combination of sedation, analgesia, and neuromuscular blockade to patients undergoing PDT insertion. Propofol was the most commonly used sedative overall (85.4 %, n = 240), with 92.3 % (n = 192) in E and 65.8 % (n = 48) OE. Fentanyl and remifentanil were the most used analgesic drugs overall, while fentanyl and morphine were the most used OE. Cis-atracurium and rocuronium were the neuromuscular blocking agents most used overall and in E, while atracurium and vecuronium were the most used OE. Local anesthesia was provided by 64.9 % (n = 179) of respondents. Bronchoscopy during PDT was used more frequently overall (69.2 %, n = 180); its use was more frequent in European ICUs than OE. Bronchoscopy during PDT was most often performed through the endotracheal tube (ETT) in place (86.9 %, n = 232), followed by the replacement of a larger ETT (6 %, n = 16) or laryngeal mask airway (LMA) 6 %, n = 16). The most used bronchoscope had a diameter of 5 mm overall (39.1 %, n = 86) and in E (42.9 %, n = 72) and 6 mm OE (38.5 %, n = 20). The bronchoscope was chosen more frequently according to the availability in the ICU (63.8 %, n = 143). Neck ultrasound was used more frequently in situations where other neck structures were considered to be at increased risk of injury (68.6 %, n = 81). A cuffed tube was the most frequently chosen tracheostomy tube at the end of the procedure (45.9 %, n = 118). Table 3 describes the use of surgical tracheostomy (ST) in the ICU. STs were performed more frequently in the critically ill in ICU (59.1 %, n = 166), with only 15.6 % undergoing ST in the operation room (OR). In the OR, ST was performed more frequently by ear-nose-throat (ENT) specialists (59.7 %, n = 165) followed by general surgeons (14.9 %, n = 42). ST was more often reserved for patients who were deemed to be at higher risk of difficult PDT insertion (70.1 %, n = 187).
Percutaneous dilatational tracheostomy (PDT)
Surgical tracheostomy
Complications
The most frequent intra-procedural and early complications in E and OE was bleeding controlled by compression at 31.7 % (n = 89) followed by ETT puncture 20.2 % (n = 52). Bleeding requiring exploration was reported to be the most frequent late complication (33.1 %, n = 85). Table 4 shows the intra-procedural, early and late complications.
Discussion
This is the first international survey investigating the current spectrum of clinical practice in tracheostomy insertion in critically ill patients. In this investigation we found that single-step dilatational tracheostomy was the most frequent PDT approach used in the ICU. Intensive care physicians mainly performed PDT for prolonged mechanical ventilation. Consistent with this, the most popular timing for tracheostomy was between 7 and 15 days after ICU admission. Volume control mechanical ventilation, sedation-analgesia-neuromuscular blocking agents, local anesthesia and fiber optic bronchoscope were most frequently used during the procedure. ST was also frequently performed in critically ill patients. In this survey ST was mainly performed in the ICU by ENT specialists and was often chosen in cases where PDT was predicted to be difficult. In regard to complication arising from tracheostomy, our findings suggest that bleeding controlled by compression and stoma infection/ inflammation were the most common intra-procedural and late complications, respectively. There was considerable variability in regard to practices surrounding informed consent for tracheostomy in critically ill patients, with informed consent for PDT obtained in only 60 % of cases.
This is the first survey investigating the international clinical practice for PDT in critically ill patients, because previous surveys have been national investigations performed in European countries [5] [6] [7] [8] [9] [10] [11] [12] . In addition, none of the previous surveys reported information about PDT performed outside Europe. In this survey 26 % of respondents came from outside Europe. This allows us to evaluate the differences between tracheostomy performed in and outside Europe. Outside Europe: 1) the most used tracheostomy was the ST performed in the ICU with more involvement of ENT specialists; 2) informed consent for tracheostomy was obtained more than in Europe; 3) the intensivists more frequently performed one PDT, compared to at least two or more in Europe; 4) PDT was performed less in the first 7 days of admission; 5) a fiber optic bronchoscope was used less often, and a diameter >6 mm was used; 5) ST was chosen for patients with predicted difficulties for PDT but also where there was insufficient expertise in performing PDT; and 6) ETT puncture occurred less frequently as intra-procedural complications and there was increased incidence of subcutaneous emphysema among early complications.
In line with previous surveys, SSDT was the most popular technique in Europe and was mostly performed by intensivists [5] [6] [7] . Surprisingly, ST was the most popular tracheotomy technique outside Europe, and was mainly performed by ENT specialists. PDT and ST were easily performed, with a faster learning curve [5] . PDT is a safe alternative to ST [13] . However, ENT specialists and general surgeons preferred performing ST in the OR compared to PDT at the bedside [14] . The percutaneous approach was also a skill in the training of intensive care physicians, whereas surgeons largely performed open tracheostomies [15] . We think that the preference, background and training of physicians were responsible for the choice of the tracheostomy technique in critically ill patients. Indeed in this survey, ST was chosen more frequently outside Europe because of the insufficient expertise in performing PDT.
In our survey, prolonged mechanical ventilation followed by difficult weaning were frequent indications for PDT. This result was in line with previous surveys and reports in the literature. Tracheostomy in the ICU was typically indicated when patients were unlikely to undergo successful extubation [16] . In this case, the risk of tracheostomy outweighed the risk of prolonged translaryngeal intubation [16] . The most frequent timing of PDT insertion in this international survey was reported as 7-15 days; this is in line with previous national surveys [5] [6] [7] [8] [9] [10] [11] [12] . Recent trials did not report any improvement in mortality after 30 days comparing early (<4 days) and late (>10 days) tracheostomy [17] or onset of pneumonia with the cutoff between early and late tracheostomy at 13 days. In our opinion the timing of PDT should be individualized according to patients' needs. Volume control ventilation was the most used in and outside Europe. We found increased use of manual ventilation outside Europe during the procedure. Sedation, analgesia and neuromuscular blocking protocols were mostly used in and outside Europe in line with the previous Italian survey [5] . Interestingly, local anesthesia was more frequently provided outside Europe, probably due to the high incidence of ST. However, the use of general anesthesia with local anesthesia or of local anesthesia alone differed in and outside Europe according to the type of physician performing the tracheostomy. Bronchoscopy during PDT was used more in Europe than outside Europe. The frequent use of bronchoscopy in Europe should be linked to more PDT being performed. PDT is a blind technique for obtaining a surgical airway [18] , therefore the use of bronchoscopy may add more safety to this procedure [19] . Bronchoscopy outside Europe was used by 59 % of respondents, probably due to ST being used more frequently. ST is an open procedure with direct visualization of procedural steps [20] . In this case use of the bronchoscope may be avoided. In Europe the respondents chose a bronchoscope with small diameters compared with those chosen outside Europe. Minimizing the diameter of the bronchoscope during PDT may reduce airway obstruction and hypercarbia or hypoxia [21, 22] . However, a new tool for PDT has been recently proposed [23] , which allows bronchoscopy without compromising ventilation. In recent years, the role of bronchoscopy in PDT has been questioned and the use of neck ultrasound has been suggested [18] . However, in this survey the neck ultrasound was used more frequently in situations where other neck structures were considered to be at increased risk of injury.
Bleeding controlled by compression and ETT puncture were the most common intra-procedural and early complications found in Europe, while there was a lower incidence of ETT puncture outside Europe. Bleeding and airway complications were the main complications related to PDT [24] . Outside Europe respondents reported lower ETT puncture rates, likely because of the higher incidence of open ST, allowing direct visualization of the overall procedure.
Informed consent for PDT was obtained in 60 % of cases and it was obtained more frequently outside Europe. Indeed, informed consent before invasive and surgical procedures has become standard practice in many medical institutions [25] . In a national survey on informed consent for tracheostomy in Italy we found that informed consent for this procedure was provided by 65 % of patients undergoing tracheostomy [26] . The practice of obtaining informed consent varied in different countries according to national legislation, history, culture, and religion [27] . Tracheostomy is an elective procedure committing the patients to a prolonged period of recovery from critical illness. The choice of performing tracheostomy in critically ill patients should be carefully discussed by ICU physicians and then with patients or the patients' families. There appears to be considerable variability in tracheostomy practices in critically ill patients. For European tracheostomy, our survey documented a general agreement with respect to the indications, complications and procedural steps for PDT and ST. The common methodology of practice is similar to published protocols, such as the recent national Danish guideline for percutaneous tracheostomy in the ICU [28] . Outside of Europe, such respondents constituted approximately one third of participants and their responses were heterogeneous and frequently country-specific, illustrating that there are different styles of practice in international clinical practice.
The results of our survey may be an initial step towards promoting a unified international practice guideline for tracheostomy in the ICU.
Limitations
This study suffers from some potential limitations. We found many differences between respondents in Europe and outside Europe in the baseline characteristics of the type of institution, type of intensive care, number of ICU beds and different techniques performed. We also performed statistical analysis according to the type of intensive care, type of institution and different techniques performed, but the results did not change.
Respondents from outside Europe represented only one third of participants. For this reason we have added weighting for the total number of respondents in Europe and outside Europe to perform tests of statistical significance. The respondents outside Europe were heterogeneous, varying between different countries. This survey was the first to look at the international practice of tracheostomy. We were unable to further investigate other aspects of clinical practice, such as the use of ultrasound and/or LMA, in order to avoid too lengthy a survey.
